Tropospheric ozone affects plant growth and the yield of main pasture species all around the world. Experiments are usually performed in fully controlled conditions; the number of investigations in ambient air conditions is still limited. Moreover, most investigations of the effect of ozone on white clover biomass production consider one series after the other, including a period without leaves. Hence, based on the recommendations, additional series are proposed and studied here. The responses of sensitive and resistant white clover clones are presented and compared using multivariate analysis of variance and profile analysis. The canonical variate analysis used here makes it possible to present the profile comparison of dry matter content of white clover graphically in Euclidean space. The investigations revealed a difference in response between clones and the necessity of using the additional series.
Introduction
Bioindication methods can be a supplement to automatic monitoring systems of air pollution, based on the response of living organisms to air pollution. This is especially important for oxidative pollutants, such as ozone or nitrogen oxides, because they do not accumulate in organisms. Hence visible injury caused by air pollution can be a good indirect indicator of their negative effect on living organisms. Moreover, plants have also revealed other symptoms of negative tropospheric ozone impact, such as lower level of photosynthesis activity and decreased productivity, and furthermore a decrease in biomass production and yield losses can also be noted (Rai et al. 2007 , Feng et al. 2008 , Vandermeiren et al. 2005 , Shi et al. 2009 , Hassan and Tewfik 2006 . The last can be an important cause of economic losses (van Dingenen et al. 2009 ). Hence it is important to assess the potential effect of air pollutants on these parameters. Some plant species are well known as bioindicators for ozone, such as tobacco and its two cultivars (Borowiak et al. 2012 , Klumpp et al. 2006 ), while others are still being examined. White clover (Trifolium repens L. cv. 'Regal') was investigated during the ICP Vegetation programme, according to the Geneva Convention on Long-Range Trans-boundary Air Pollution, for several years to assess the negative effect of tropospheric ozone on vegetation. Two clonesozone-sensitive and ozone-resistant -were examined far from local air pollution sources to evaluate the effect of ozone on plants with regard to far-source pollution (Fumagilli et al. 2003) . Tropospheric ozone was found to be one of the most harmful air pollutants to crops, because its highest concentrations occur during the growing season (Elagöz and Manning 2005) , and mostly in remote areas. Hence it is very important to investigate the effect of this pollutant on vegetation and its production.
The aim of the study was to evaluate the effect of tropospheric ozone on dry matter content of white clover exposed at remote areas for four-week periods.
Plant response was compared during various series and between white clover clones. The study also served to evaluate the usefulness of canonical variate analysis in obtaining answers to the above-mentioned questions.
Materials and methods

Experimental design
Ozone-sensitive (NC-S) and ozone-resistant (NC-R) clones of white clover (T.
repens) were used in the experiment. Seedlings of both clones were obtained from the chief coordinator of the ICP Vegetation programme. Plants were exposed to ozone under natural conditions in a place located about 20 km from Poznan city; the location was chosen according to the methodology of that programme (Fumagilli et al. 2003 
Mathematical model of observation
Assume that the field given by the h-th white clover harvest in the j-th series for the i-th clone in the k-th replication will be assigned by:
where   j=1,2, k=1, ..,15, h=1,..,H (H=5) . Hence, we obtained 60
analysed in the experiment. Due to correlations between the dry weight content of certain harvests, it is sufficient to use tools of multivariate analysis of variance for determination the differences between series and clones. Hence, the considered model (1) for one plant of white clover can be presented in the form:
Finally the model (2) can be described in the matrix form
(the symbol  denotes the Kronecker product of matrices).
Statistical hypotheses in two-way multivariate analysis of variance
In the presented experiment the hypothesis of absence of differences between the average yields of dry weight of the Sensitive and Resistant clones is presented in the form:
where the vector 1 C can be written in the form:
The hypothesis of absence of differences between the average yields of dry matter in Series A and Series B is presented in the form:
where vector 2 C can be written in the form:
The hypothesis of absence of clone-series interaction is presented in the form:
where matrix C 12 can be written in the form: ) ( ) ( 
The hypotheses (3-5) were tested using Lawley-Hotelling statistics (s=1, 2, 12) in the form:
where: Morrison 1967 , Seber 1980 , 1984 .
Using approximation (McKeon 1974), the hypothesis Lejeune and Caliński 2000) .
Statistical hypotheses in profile analysis
Another way to test the hypotheses H 01 , H 02 , H 012 is to consider the hypothesis, of interest from the point of view of the experimenter: H is rejected, this may be either due to the fact the clone factor causes some interaction with the series factor, or because there are some main effects of the former factor, or both.
The profile analysis can also verify the hypothesis of no differences for any combination between clones and series in terms of dry weight content. These hypotheses can be written in the following form:
where the 4 -dimensional vector t c describes the contrast issue (Caliński et al. 1975 
Canonical variate analysis
For the graphical presentation of clone-series interaction, canonical variate analysis was used. This is based on transforming the matrix γ C3 into a set of new variables, which carry similar information, but are distributed in 
Results and discussion
The effects of the various sources of variation were examined using multivariate analysis of variance. The results of the testing of the hypotheses, according to the formula (6), are presented in Table 1 . It can be concluded that the dry weight content varies due to clones, series and interaction between clone and series, because the respective empirical significance levels are lower than 0.05. Mean values of dry weight content for individual experimental objects area presented in Figure 2 . Comparison was made using matrix C 3 and considering hypothesis H 03 (7). The value of the Lawley-Hotelling statistics was at a level of 23.8, and the empirical significance level was lower than 0.05. The second, third and fourth harvests were characterised by higher dry weight content than the first and fifth. The lower level of biomass production in the last series could be connected with pot-binding, hence for the proper determination of the effect of ozone on biomass production the second, third and fourth series should be taken into consideration (Heagle et al. 1995) . Köllner and Krause (2002) observed no effect of ozone on the biomass ratio of white clover. However similar tendencies to those noted by Heagle et al. (1995) were found during the season -the lowest levels were recorded in the first and last series of both exposed clones of T. repens. The values of object effects are presented in Table 2 . Based on these results it can be concluded that in the first and second harvest, lower levels of dry weight content [%] of white clover were noted in series A than in series B (excluding the results obtained for the resistant clone in series B). Values of dry weight content in the fourth and fifth harvest were higher in series A than in series B.
The third harvest was characterised by low variation of dry weight content. Values of object effects after transformation to Euclidean space are presented in The results of testing of the hypothesis of the parallelism of profiles of the sensitive clone in series A and B are presented in Table 3 . Note that the sensitive clone in series A had lower dry weight content than in series B for harvests 1 and 2, but higher content in the case of harvest 5. Furthermore, it is noted that the resistant clone in series A had higher dry weight content than in series B for harvests 4 and 5, and lower in the harvest 1. Hence it is concluded that the existence of differences in dry weight content between sets confirms the validity of both series during the growing season.
The results of comparison for summarized values across all harvests for certain objects are presented in Table 4 . The mean values of dry weight content for the sensitive clone in series A were lower than in series B, while for the resistant clone the opposite tendency was observed. This means that different times of harvest had a significant effect on dry weight content for certain white clover clones. Moreover, comparison of dry weight content between clones in certain harvests revealed that in series A the summarized values of dry weight content of the sensitive clone were lower than for the resistant one, while for series B they were higher. It seems to be very important to retain the overlapping series A and B, due to the lack of leaves after harvesting. White clover is one of the most important pasture species, hence it is important to evaluate the potential for survival of this species. Previous investigations revealed a decline in white clover fraction in response to long-term ozone treatment with low peak concentration (Nussbaum et al. 1995) . Biomass production of NC-R was higher than NC-S, except for the harvest in one series.
The yield increased in the first three series (Postiglione et al. 2000) . Fumagilli et al. (2003) found a 60% decrease in the biomass production of a sensitive clone in comparison with a resistant one. This was not so clearly marked in our experiment, which may be connected with the relatively low ozone concentration during the growing season. 
Conclusions
The dry weight of white clover exposed to ambient air ozone varied between harvests and clones. The experiment confirmed the necessity of supplementary exposure series to avoid a period without leaves. Moreover it is difficult to identify the directions of changes in the dry weight content of the clones, due to the high variability of the results. However, profile analysis and graphical presentation using canonical variate analysis was very useful in evaluating the changes of the examined parameters. It seems that dry matter content is not a good indicator of ozone effect on white clover in place of visible leaf injuries.
